Recent studies have identified a role for thyroid stimulating hormone (TSH, i.e., thyrotropin) as an inductive signal for tumor necrosis factor-(TNF ) ) ) ) secretion by 
Introduction
Although the participation of the neuroendocrine system in the regulation of immunity has been known for many years, most studies into that process have examined the involvement of glucocorticoid, steroid hormones, and reproductive hormones. Considerably less is known about how hormones of the hypothalamus-pituitary-thyroid axis affect the immune response.
There is, however, evidence that thyroid stimulating hormone (TSH) can be produced by cells of the immune system, and that it is used by hematopoietic cells as seen from TSHR expression on hematopoietic cells, and by its capacity to influence various immunobiological activities in a TSH-dependent manner. Studies by Smith, et. al ., demonstrated TSH secretion by human peripheral blood leukocytes stimulated with staphylococcus enterotoxin A 1 .
Subsequent work revealed TSH gene expression in activated mouse spleen cells 2 , and secretion of TSH by mouse splenic mononuclear cells, in particular dendritic cells (DCs) and to a lesser extent T cells and B cells 3 . Human peripheral blood leukocytes have been shown to bind TSH in radiolabeled binding studies 4, 5 and by flow cytometry using biotin-labeled TSH 6 . Similar findings have been reported for murine splenic mononuclear cells 7 , collectively indicating that the TSH receptor (TSHR) is selectively expressed on cells of the peripheral immune system. In mice TSH also been shown to influence developmental/immune regulatory functions of intestinal intraepithelial lymphocytes (IELs) involved in the recruitment and/or maturation of specific IEL subsets, most notably the CD8 TCR IELs 8, 9 . This appears to occur through a local TSH-mediated network between TSH-producing intestinal epithelial cells and TSHR + IELs 10 . Within the bone marrow (BM), the expression of surface TSHR has been shown by immunoprecipitation 3 , though the types of cells of the BM that express the For personal use only. on October 19, 2017 . by guest www.bloodjournal.org From Functionally, TSH has been shown to significantly influence BM cytokine synthesis, including tumor necrosis factor-(TNF ) 3 .
Given the heterogeneity of BM cells and the basic role of the BM as a source of hematopoietic cells destined for secondary lymphoid tissue, it will be important to understand the cells involved in the production and use of TSH locally, and to characterize the biological significance of this system as a regulator of hematopoietic homeostasis. In the present study we have defined the subsets of BM cells, which produce and use TSH, and we provide new data linking TSH-induced synthesis of TNF , an important cytokine with hematopoieticregulating activities, to specific population(s) of BM cells.
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Materials and methods

Mice
Female BALB/c mice, 6-10 weeks of age, were purchased from the National Cancer Institute (Frederick, MD) and were housed at the University of Texas Health Science Center Dental Branch.
Antibodies and reagents
Antibodies used in this study were: FITC-anti -CD45 (leukocyte-common antigen) (30-F11); FITC-anti-CD11b (M1/70); FITC-anti-B220 (RA3-6B2); FITC-anti -TCR (H57-597); biotin- Positive and negative cell populations were separated by autoMACS using the manufacturer's protocols. Estimates of cell culture-derived TSH were determined from a standard curve of reactivity of anti-TSH antisera to serially-diluted (50-1.3 ng/ml) amounts of recombinant human TSH .
TNF secretion by BM cells was measured using a commercial assay (eBioscience) using the manufacturer's protocols and reagents. Colorimetric changes were measured at 450 nM.
Statistical analyses of data was determined by Student's t-test for unpaired observations.
RT-PCR analyses
For personal use only. on October 19, 2017 . by guest www.bloodjournal.org From Procedures for RNA extraction and cDNA preparation have been previously reported 3, 9 .
Primer used were: For ) . These data coupled with those described in Figure 2 The TSHR is primarily expressed on CD11b -bone marrow cells 16 . Shown in Figure 5B , within all three cell populations (R1, R2, and R3), the majority of the TSHR + cells were located in the Ter-119 -cell population, thus confirming that erythroid precursors are not a primary TSH-responsive cell population of murine BM.
TSH induces high levels of TNF secretion from CD11b
-bone marrow cells For
Discussion
TNF has been shown to have pleiotropic effects on hematopoiesis depending upon the target cells involved and/or the stage of development of those cells. Moreover, excessive levels of BM TNF are believed to be linked to hematopoietic failure of allogeneic bone marrow transplantation 17 , and to be involved in the pathogenesis of aplastic anemia, particularly when combined with granulocyte-monocyte colony-stimulating factor (GM-CSF) 18 .
Developmentally, TNF has been reported to have stimulatory effects in IL-3-and GM-CSFsupplemented cultures of human CD34 + hematopoietic progenitor cells (HPCs) during shorterm culture 19 , and to have inhibitory effects on longterm HPC cell cultures 20 . Other studies indicate that the inhibitory activity of TNF is mediated through the p55 TNFR and that this occurs primarily for the more mature HPC populations, whereas TNF -mediated inhibitory effects are associated with the p75 TNFR on early HPCs 21, 22 . While these studies provide evidence for a role for TNF in the regulation of hematopoiesis, they do not determine how TNF activity is controlled locally within the BM. The finding reported here that TSH stimulation of CD11b -BM cells results in increased levels of TNF production (Fig. 6) Staining is compared to the reactivity of biotin-labeled mouse IgM antibody for each group.
Data are representative of three experiments. 
